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ABSTRACT

Resource assessnent surveys by the Northwest and Al aska Fisheries Center
(NWAFC) have shown a substantial increase in abundance of Pacific cod in the
eastern Bering Sea since 1977. This increase is primarily due to the energence
of the strong 1977 year-class. Because the life span of cod is relatively
short and the current high abundance of the population is mainly the result of
a single year-class, stock abundance may soon return to lower levels. It is
important to predict these trends in abundance so that the fishing industry
can anticipate the future harvest potential of the resource.

Abundance of the cod popul ation was projected through 1986 using a numeric
popul ation sinulator. The simulator projects numbers-at-age from given nunbers-
at-age in a base year using estinmates of natural (M and fishing (F) nortality
and recruitnent. Base year data used were from the 1979 NWAFC survey. Because
counts of annual rings from cod scales have recently been shown to produce
questionabl e age conposition data, a nodal analysis of size-frequency data was
used to provide age specific population estimates. An estimte of natural
mortality was derived by an iterative procedure starting, with the 1979 survey
data and by adjusting Muntil population nunbers fromthe 1980 and 1981 NWAFC
surveys were approximated. The F values used in the simulator were based
on various levels of exploitation (E) that were adjusted so that the effects of
various options of exploitation on the population could be exanmined. Estinates
of annual recruitnment in 1982-86 were based on average |evels of recruitnent
observed from survey data in 1976-81. (One estimate included recruitment from
the strong 1977 year-class; the second estimate excluded this year-class.
Because a year-class of the magnitude of the 1977 year-class has only been ob-
served once in the l[o-year period of 1971-81, the probability is low that

anot her year-class of this size will occur before 1986. The |ower average



recruitment of 221 million fish was, therefore, considered to be the npst
reasonabl e estimate.

A nunber of simulations were run using various exploitation rates. The
met hod of exploitation that would appear to provide the greatest cunulative
catch in 1982-86 (and still maintain a parental stock size approximating that
whi ch produced the strong 1977 year-class) was the nethod using variable ex-
ploitation rates of 0.4 in 1982 and 1983 but 0.2 thereafter. Results of this

simulation were as follows:

Tot al Fi shed

popul ation popul ation Recruits Catch
Year (1,000 t) (1,000 t) (mllions of fish) (1,000 t)
1979 823.9 97.9 1,106 33.0
1980 919.9 | 709.6 a2 43.4
1981 758.6 ‘ 695.7 o ‘ ‘132 | ' : 59;1
1982 599, 7 494.3 221. T
1983 354.2‘ . 2%8.7 221 1035
1984 294.1 ~ .188.6‘ | 221 37.7
1985 309.6 . | 204.1 | 221 | | 40.8
1986 - 317.9 212.4 ‘ 221 42.5
This schedule of exploitation will: allow the fishery to increase harvests of
cod while the strong 1977 year-class is still relatively abundant in the popu-

lation. The surplus mght otherwise be lost to natural nortality. This
schedule will also maintain a, parental population size which is believed to be
as large as or larger than the parental stock that produced the 1977 year-cl ass.
The above projections of popul ati on abundance are believed to be conserva-
tive. Base year data used in the projections were from the 1979 NWAFC survey.

Popul ation estinates from the survey were based on an assumed catchability



coefficient of 1.0, i.e., all cod in the path of the tram were caught. If the
catchability coefficient was less than 1.0, which seened likely, then survey
popul ation estinates and those projected by the sinulation nodel would under-
estimate the true abundance of cod. Values of natural nortality and recruitnment
used in the simulations are also believed to produce conservative estimtes of
popul ation size. Thus, the exploitation rates resulting from the projected
catches will probably be lower than indicated by the sinulation nodel.

The sinul ation indicates that the contribution of the strong 1977 year-
class will dimnish substantially when it reaches age 7 in 1984. Catches will
then have to be reduced to nore historical levels. It is unlikely that catches
will have to be reduced to the 38,000 to 42,000 netric ton (t) range in 1984-86
as shown by the simulation. Catches in the foreign fishery averaged 53, 400 t
in 1970-76 without harming the stock's capability to produce the strong 1977
year-class. There is also the safeguard provided by the Al eutian Islands
popul ation, estimated to be 299,000 t in 1980. A portion of the catches in

1982-86 woul d be expected to cone from the Al eutian |Islands region.
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| NTRODUCTI ON

Resource assessnment surveys by the Northwest and Al aska Fisheries Center
(NWAFC) have shown a substantial increase in abundance of Pacific cod in the
eastern Bering Sea since 1977. This increase is mainly due to the presence of
a strong year-class in the population. Because the life span of cod is rela-
tively short and the present high abundance is primarily due to a single year-
class, abundance of the stock may soon return to |ower |evels. I ncreasing
interest in Bering Sea cod by US. fishermen nakes it inportant to provide infor-
mati on on expected population trends as the abundance of this strong year-class
declines.,

Projections of abundance for Pacific cod are conplicated by the relatively
short time series of assessnent data available for this species and the apparent
difficulties of obtaining reliable ages fromthe reading of age structures, such
as scales. W are observing a strong year-class in the population for the first
tine since NWAFC groundfish assessment surveys were initiated in 1971. Thus
there is no survey data base to forecast the longevity and contribution of this
strong year-class to the fishable stock. However, an alternative nethod of
aging fish populations and a numeric popul ation sinulator are used to predict

| evel s of abundance through the md-1980s

RECENT H STORY OF EXPLO TATION
During the early 1960s, a Japanese longline fishery targeted on cod for a
frozen fish market. Catches in this period were relatively |ow conpared to
those in the 1970s (Table 1). In 1964, the Japanese traw fishery began to

target on walleye pollock (Theragra chal cogramm), and this fishery, later

joined by other nations, expanded into one of the |argest single species fish-

eries in the world. Pacific cod are an inportant conponent of the by-catch of



Table 1.--Catches of Pacific

cod (t) in the eastern Bering Sea, 1954-80:

West

Year Japan U«SeSe«Ro ROK Taiwan Germany Poland U.s.Ll/ Total
1954 -2/ -
1955 - -
1956 - -
1957 - -
1958 223 - 223
1959 3,632 - 3,632
1960 5,679 - 5,679
1961 6,883 - 6,883
1962 10,347 - 10,347
1963 13,641 - 13,641
1964 13,408 - 13,408
1965 14,719 - 14,719
1966 18,200 - 18,200
. 1967 32,064 - - 32,064
1968 57,902 - - 57,902
1969 50,351 - - 50,351
1970 70,094 - - 70,094
1971 40,568 2,486 - 43,054
1972 35,877 7,028 - 42,905
1973 40,817 12,569 - 53,386
1974 45,915 16,547 - - 62,462
1975 33,322 18,229 - - 51,551
1976 32,009 17,756 716 - 50,481
1977 33,141 177 - - 33,318
1978 41,234 419 859 62 42,574
1979 28,532 1,956 2,446 38 9 32,981
19803/ 29,524 11 6,404 200 552 628 8,456 45,775

1/ Catch by U.S

cessors in joint

2/ Dash indicates fishing but catches of cod not

3/ Prelinmnary.

reported.

vessel s delivering catches to Republic of Korea and U.S.S.R pro-
venture operations.



the pollock fishery, and catches of cod increased during the |ate 1960s as
the pollock fishery expanded (Table 1). At present, cod are primarily taken
as a by-catch in the foreign pollock fishery but are a target speci es when
high concentrations are encountered. Cod is also a target species of the
Japanese longline fishery at times. In 1980, about 5,700 t of the total
Japanese cod catch of 29,500 t was taken by longliners; alnmost all of the
longline catch was taken in the eastern Bering Sea.

Reported catches of cod by the foreign fisheries in the eastern Bering Sea
increased from 13,400 netric tons (t) in 1964 to about 70,000 t in 1970 (Table 1).
Since then catches have varied between 33,000 and 62,500 t. Most of the catch
cones from the eastern Bering Sea; the maximm reported foreign catch in the
Aleutians was 5,600 t in 1979. In 1981, the devel oping domestic fishery took
8,720 t in the Aleutian Islands area and southeastern Bering Sea; an additional
9,220 t were taken in joint venture fisheries between U S. fishernen and foreign
factory ships in the Bering Sea.

Fluctuations in catches give no indication of exceptionally strong year-
classes in the cod population during the period of recorded catches (1958-80).
Because of the unreliability of catch and effort data and insufficient inform-
tion on the age conposition of the catch, the presence of a strong year-class
in the population may not have been apparent from catch data. Catches of cod
since 1969 have fluctuated between 33,000 t and 70,000 t, suggesting some
variation in popul ation abundance.

The distribution of catches of cod in 1975 and 1977 by Japanese fisheries

is illustrated in Figure 1. These data appear to typify two types of catch
distribution that have been observed in the fishery. In 1975 catches cane
alnost entirely from waters deeper than 100 m In 1977 catches extended in-

shore to waters much shallower than 100 m  These differences may result from
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a conbination of factors such as changes in the distribution of pollock asso-
ciated with variation in environmental conditions and strength of year-classes
of cod. In years of colder bottom tenperatures such as in 1975, the pollock
fishery appears to operate nmainly at depths greater than 100 m  By-catches of
cod in the pollock fishery would, therefore, also cone fromthis area. In
years of warmer bottom tenperatures, such as 1977, the pollock operations appear
to extend into shallower water where cod are also taken. Cod |ocated on the
central shelf are mainly juveniles, and the magnitude of cod catches in these
shal | ower waters is probably a function of the strength of year-classes.

Al though cod catches appear to be more extensive geographically in warm
years than in cold years, most of the cod catch comes from the outer continental
shel f each year (Figure 1). H ghest catches generally occur along the shelf
edge in waters extending from near Uninmak Pass to about 60°N. Catches are
roughly equal |y divi ded between the areas southeast and northwest of the Pribi-
lof Islands; in 1975, 48% of the total Japanese catch canme from southeast of

the Pribilofs and in 1977, 47%

EVI DENCE OF | NCREASED ABUNDANCE OF PACI FI C COD
Resource assessnent surveys by the NWAFC have been the primary source of

data used to follow trends in abundance of cod. Indices of relative abundance
fromthe foreign fishery are not believed to provide reliable estimates of the
abundance for cod because of the incidental nature of catches. Trends in abun-
dance from Japanese pair trawl and stern trawl fisheries (which are believed

to provide reliable indices of abundance of target species such as pollock and
yel lowfin sole) have sinultaneously shown fluctuating and stable trends in abun-
dance of cod from 1970 to 1979, neither of which are in agreement with trends

shown by NWAFC resource assessnment surveys (Figure 2).
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Two sets of NWAFC survey data have been used to exanmine trends in abundance
of cod. The first is froman area of the southeast Bering Sea (Figure 3)
whi ch has been consistently surveyed since 1973. The second is from | arger
scal e NWAFC surveys in 1975-76 and 1978-81 that have sanpled nuch of the
eastern Bering Sea continental shelf north to the latitude of St. Matthew and
Nunivak Islands. Trends fromthe two data sets have been similar (Figure 2)
and i ndi cate that abundance was relatively stable from 1973 to 1977 but in-
creased substantially from 1977 to 1979. Abundance increased 7 to 10 times
from levels observed in 1975-77 and has remained at the higher level through
1981.

M ni nal estinates of biomass fromonly the |arge scal e NWAFC surveys are

shown bel ow

Year Mean estimate (t) ' 95% confidence interval (t)-
1975 64,500 51,500 - 77,500
1976 ‘ 102,300 . ‘ 70,600 - 134,000
1978 312,000 87,300 - 536,800
1979 792,300 603,200 - 981,400
1980 913,300 795,700 - 1,031,000
1981 840,100 691,700 - 988,400
These estimates assume a catchability coefficient of 1.0., i.e., all cod

in the path of the trawl are caught. Because the catchability coefficient is
probably less than 1.0, the true biomass of the stock may be larger than shown
by these estimates.

The mean estinmates suggest that abundance of the stock may have peaked
in 1980 although the overlap in the 95% confidence intervals indicates that the
estimates in 1979, 1980, and 1981 were not significantly different.

These estimates represent only the eastern Bering Sea population. Annua
estimates are not available for the Aleutian |Islands region except in 1980

when the NWAFC, in cooperation with the Fisheries Agency of Japan, conducted
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an extensive denmersal traw survey in those waters. A prelininary bionass
estimate of 299,000 t was derived for cod fromthis survey (Brown and

W ! derbuer 1982). O the total, 202,000 t or 68% was located in the eastern
Aleutian Islands east of Anutka Pass (172°W. The relationship between the
eastern Bering Sea and Aleutian Islands populations is unknown. Length nea-
surenments taken in 1980 illustrate substantial differences in the size distri-
bution of the two sanpled populations (Figure 4). The population in the
eastern Bering Sea ranged in length from 1l to 87 cm wth a large node centered
at 41 cm The Aleutian |slands population ranged in length from29 to 102 cm
with a node peaking at 47 cmand relatively high proportions of large fish
over 60 cm The major differences in the length conpositions suggest the

possibility of independent stocks in the two regions.

AGE COWPCSI TI ON AND YEAR- CLASS STRENGTH

Aging nmethods used for cod at the Northwest and Al aska Fisheries Center
have been based on counts of annual rings from scales. Recent evidence from
surveys indicate that scales may not be an appropriate structure for aging
Bering Sea cod (Bakkala 1982).

An alternate nethod of estinmating age conposition was therefore exanined.
Survey data were analyzed using a conputer program devel oped by MacDonal d and
Pitcher (1979) which iteratively fits normal curves to the nodes in a |ength-
frequency distribution to apportion the sanpled population to age groups. Size-
at-age and annual growth rates fromthis method were found to be conparable to
those shown by the mpdal peak lengths formed by the abundant group of juvenile
cod that were first observed in 1978 survey catches and have doninated catches
through 1981 (Figure 5).

The | ength-frequency derived ages (Table 2) reveal that the span of east-

ern Bering Sea cod is greater than 10 years and that year-classes continue to
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Table 2.--Estimated population nunbers in mllions of fish for Pacific cod of
the eastern Bering Sea as determined by the method of MacDonald and
Pitcher (1979). Population numbers for the 1977 year-class are

under | i ned.

Year ‘
1976 1977/ 1978 - 1979 1980 1981
1 55.4 0 1,268.2 158.4 42.7 62.0
2 23.9 486.0. 24.2 1,106.6 442.4 132.3
3 24.5 14.0 32.8 213.5 477.4 145.4
4 11.1 24.4 24.8 12.0 93.6 - 166.4
5 3.7 8.6 23.1 10.6 30.9 49.9
6 3.6 4.5 9.8 6.4 6.5 32.5
7 2.8 2.8 6.3 2.1 22.1
8 0.3 2.8 4.2 2.4 3.3 9.0
9 1.2 2.1 0.7 3.4 1.1
> 10 0.4 1.8 1.1 1.4 3.1
Total 127.0 541.1 1,393.9 1,518.0 1,103.7 623.0

|/ The 1977 survey was linited to the southeast Bering Sea as shown in Figure
3. Population numbers shown here were expanded to approximte nunbers that
woul d have been available if the 1977 survey area was equivalent in area
to the 1979 survey area.
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contribute substantial nunbers to the popul ation through ages 5 or 6. The
anal ysis also indicates that the substantial increase in abundance of the
population is primarily due to a single year-class, the 1977 year-cl ass.

The conputer analysis nmay not conpletely separate popul ation nunbers
to age groups accurately, especially in the case of age groups adjacent to an
abundant age group such as the 1977 year-class. There is also the obvious
probl em of sone fully recruited year-classes showi ng hi gher abundance at an
ol der age such as shown by the 1980 and 1981 data al though this could be a
sanpling problem Regardless of these reservations, the results from the |ength-
frequency nmethod appear to reflect observed trends in age and growth of the

Bering Sea cod popul ati on.

PROIECTI ONS OF ABUNDANCE THROUGH 1986
Met hods
Abundance of cod in 1982-86 was estimated using a numeric popul ation
simulator. The sinmulation nodel predicts age specific abundance in future

years through a popul ation decay function:

- -(M+F)
N(i+l,9+41) = Nij ©
wher e N; = nunber of age i in year |
Neisr jsry = nunber of age i in the follow ng year.

The decay function projects nunbers at age from a base year based on estinates
of natural (M and fishing (F) nortality and recruitnent.

The starting popul ation nunbers-at-age used in the sinulator were those
estimated from the 1979 NWAFC survey (Table 2). These data were used for two

r easons. First, numbers at age' were probably nore accurately estimated in
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1979 than in subsequent years because, in 1979, the length range of the strong
1977 year-class was still relatively narrow and had not begun to extensively
overlap those of adjacent year-classes. This allowed better separation of
popul ati on numbers anong age groups with the |ength-frequency aging nethod.
Secondly, using the 1979 survey data as a starting point provided a neans of
checking results of the simulations by conparing projected population estinates
in 1980 and 1981 against survey estimates in those years.

Natural nortality was determined by first approximating its upper limt
based on estimates of total nortality (Z), which was derived by regression
anal ysis of 1976-81 survey age conposition data. The regression of the natural
|l og of average nunbers at ages 2-9 resulted in a Z value of 0.71 (r® = 0.977).
This estimate indicates that the average Mfor all ages is less' than 0.71.
Anot her approximation of M was derived by using 1979 survey popul ation estimtes
by age as a starting point and varying M between 0.6 and 0.8 to find a val ue
that nost closely approximated abundance estinmates shown by the 1980 and 1981
surveys. The value derived (0.7) is slightly higher than the M of 0.6 reported
for British Colunmbia cod (Ketchen 1964). It would be assuned that cod from
more southern parts of its range would be faster growing, shorter lived, and
have a higher natural nortality than nmore northern stocks. The estimate of
0.7 for the eastern Bering Sea stock may therefore be high, but using this
relatively high value represents a conservative approach in that projections
of popul ati on abundance will be underestinated.

Fishing nortality used in the simulation was derived from exploitation rates
(E), defined as the harvested proportion of the exploitable population (ages 3-11).
The total catch for each year of the sinmulation was converted fromweight to
nunbers by a nean individual fish weight calculated as the sum of average wei ghts-

at-age, weighted by the population nunbers-at-age. The ‘catch from each age was
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assuned to be proportional to the abundance of that age in the exploitable popu-
lation. The resulting exploitation rate (catch in nunbers/exploitable popul a-
tion in nunbers) was used to calculate the F value which the popul ation decay
function used to project population nunbers forward another year. The Fval ue
corresponding to E was arrived at iteratively from the catch equation
(E=[F (I-e-%]/2) where Z =M+ F. F was increased fromO0 in steps of
0.001 until the E calculated in the catch equation was within + 0.5% of the
actual E

The data series for Pacific cod in the eastern Bering Sea is insufficient
to determne whether a spawner-recruit relationship exists. Instead, two esti-
mat es of annual recruitnent were used for 1982-86; for 1980 and 1981, survey
estimates of recruitnent were used. The estimtes used in 1982-86 were: 369
mllion fish, the average nunber of age 2 cod in survey estimates in 1976-81
and 221 nillion fish, the average excluding the, strong 1977 year-class

Age specific weights were calculated from nean |engths-at-age using a
| engt h-wei ght relationship derived from data collected during the 1981 NWAFC
survey:

Wight = a LP
wher e a = 0.0166
b = 209311

Mean | engt hs-at-age used to cal cul ate age-specific weights were averages of
val ues derived from 1976-81 survey data. Mean lengths used and the calcul ated

wei ghts were as foll ows:

Age 2 3 4 5 6 7 8 9 10 11
Length (cm  35.0 44.4 51.7 57.5 62.3 66. 4 70.9 75.7 81.7 86. 7

Weight (kg) 0.48 0.96 1. 49 2.04 2.58 3.11 3.76 4.56 5.70 6.79



16

Resul ts

An exanpl e of projected nunmbers-at-age through 1986 fromthe simulation are
shown in Table 3. These data illustrate the expected decline in abundance of
the 1977 year-class (age 2 in 1979) and indicate that its contribution to the
expl oi table population will be considerably reduced by 1984

Tabl e 4 shows expected trends in total and exploitable popul ation |evels by
wei ght fromthe sinulation using various constant |evels of catch in 1982-86 and
the | ow average recruitment level (221 mllion fish at age 2). Table 5 shows
the sane simulation using the high average recruitnent (369 million fish). The
trends are simlar, but as would be expected, the decline in biomass is |ower
with the higher level of recruitnent. |If the higher level of recruitnent was
realized, constant levels of catch of 120,000 t in 1982-86 would only reduce the
popul ati on bionass to an estimated 454,000 t, well above the popul ation biomass
that was believed to produce the strong 1977 year-class. Because a year-class
as strong as the 1977 year-class has only been observed once in the | o-year
period of 1971-81, there is a |low probability of another year-class of this
magni tude occurring in the period under consideration. Thus, the |ower average
recruitment (221 nmillion fish) is believed to represent the nore |ikely situa-
tion in 1982-86. Wth this assunption, the exploitable popul ati on bi omass woul d
be expected to decline by 1986 to range from 349,000 t with no fishing to as |ow
as 120,000 t with a constant annual catch of 120,000 t in 1982-86 (Table 4
Figure 6).

Results of sinulations using different constant rates of exploitation
(from20%to 80% and |ow average recruitnent are given in Table 6. These
simul ations show, as is illustrated in Figure 6, that cumulative catches in
1982-86 would be maximzed if catches were increased during the period that

fish of the 1977 year-class were still contributing substantially to the



Table 3.--Projected nunbers-at-age in mllions of fish in 1980-86 from the
popul ation sinulation using M= 0.7
Nunber s.

mllion fish

AGE
L1979
2 1106.6
3 2135
4 12.0
5 10,6
é 644
7 63
8 2.4
g 0.7
10 11
11 0.0

sUM  135%9.6

p s 0,158
E == 0021
CAaTCH= 28.0
MW= 1.177

1980

4424
549, 5

YOG
.1
4('5
20-
2.7
190
0.3

G

10952

0.081
0.037

40,2
1.080

F = fishing nortality
Catch in mllion fish

MM = Mean i ndivi dual

fish weight

(ka)

17

E =0.2 and recruitment =

TEAK.
1982 1983
91,9 221.9

65.7 110,72
97 .0 23,9
11101  35.3
ig.3 40,4
1.0 - &,
0.9 04
0.5 0,
0.5 0.
0.2 0,2

51711 43905.
0,310  0.310
0.114  0.099

59 .1 43,5
Leb674  1.576
in catch

for the 1977 year-class are underlined

221

397,3

0,310

0,088
A5.1

1,308
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Table 4.--Forecast of Pacific cod abundance in thousand netric tons in the
' eastern Bering Sea, 1982-86 under varying levels of catch with M =
«700. Recruitment in 1982-86 is thg low average from 1976-81 survey

data.
Year Total Fismned Recroits Cateh Iz F o MWT
' Forrn. = FOFN. Millions ' ‘
1979 823.9 297,9 11060 33,9 0,111 0,158 1.177
1980 19,9 709,.6 H442.0 . 43.4 0,061 0.081 1,080
1981  788.6 595.7. 132.0 S99.1 0.085 0.118 1.337
1982 599.7 494 . 3 221.,0 0.0 0,000 0.000 1.674
1983 9391 429 .6 231.0 0.0 0,000 - 0,000 1.673 -
1984 492 . % 384.8 221.0 0.0 0.000 0,000 1.627
1985 4468.1 CA62. 221.0 0.0 0.000 0.000 1.589
1986 454,46 349,1 221.0 0.0 0.000 0,000 1,562
1979 823.,9 297 .9 1106 .90 33.0 0,111 0.158 1.177
1980 919.9 709.6 442.0 43,4 0.061 0.081 1.080
1981 758.6  &9H5.7 . 132.0 99,1 0.085 0,118 1.337
1982 599.7 494,3 - 221.0 S58.0 O.117 0.169 1.674
1983 484,64 379.1 L 221.0 98.0 0.153 0,228 - 1.620
1984 . 410.1 304.6 221,90 58.0 0,190 0,293 1.503.
1785 364.9 259.4 221.0 58,0 0,224 0.354 1.400
1986 336.8 231.4 221.0 38.0 . 0,251 0.407 1,324
1979 823.9 2979 1106 .0 33.0 0.111 0,158 1.177
1980 ?i7.9 709.6 442,0 43 .4 0,061 0.081 1.080
1981 758,46 693.7 132.0 59.1 0.085 0,118 1.337
1982 §599.7 494 .3 221.0 78.0 0.138 O.236 1.674
1983 4466, 9 361.4 221.0 78.0 0.216 0,339 1.599
1984 3B1.4 275,9 221,0 78,0 0.283 0. 472 1.4%1
1985 328.5 223.0 221.0 78.0 0,350 0,622 1.319
1985 294.9 189.4 221.0 78.0 0,412 0.780 + 220
1979 8323.9 F9T .G 1104.0 33.0 0,111 0,198 1177
14980 19,9 709.6 442,0 43.4 0.061 0.081 1.080
19481 79846 695 .7 132,.0 99.1 0,085 0.118 1.337
1982 999, 7 494, 3 221.0 120.0 0.243 ° 0,391 1,474
1983 430.1 324,46 221.0 120.0 (0,370 0.670 1,551
1984 321 .7 216.2 221.0 120.0 0.555 1,252 1,323
1985 254.0 148.6 221.0 120,0 0.808 2.000 1.114
1986 225. 8 120.0 221.0 120.0 1.000 2,000 1.007

= fishing nortality
= exploitation rate for fished population (ages 3-11)
MAT = Mean individual fish weight (kg) in catch

F
E
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Table 5.--Forecast of Pacific cod abudance in thousand netric tons in the
eastern Bering Sea, 1982-86 under varying levels of catch with M =
.700. Recruitment in 1982-86 is the high average from 1976-81
survey data. ‘ ‘

Year

1979
1980
1281
Lees
1983
1984
1285
Logs

1979
1980

1981,

1982
1983
1984
1985
1986

1979
1980
1981
1982
1983
1984
1985
1v86

1979
1980
1581
198
1983
1984
1985
1984

F =
E =
MAT

Total
Eopne

823, 9

919.,9

7586

HEF T

67541

&BO 6.

699 .2
708.8

83,9

919.97 .

758.6
569 .9

624.7

H03 .2
594 .0
589, 3

B23.9
G19.9
758 b
669 ¢9

606.9
573.7

823.9.

9199
758, 6
£69.9
57041
512,32
477 .2
454 .5

fishing nortality
exploitation rate for fished population (ages 3-11)
= Mean individua

Fianeos
Faorr.

297.9
709, 6
6957
494.3
499.5
5110
5236

533.2

29709
709464

695, 7

494.,3
449,1
427 b
418.4
413.7

QP79

709.6

695, 7
494, 3
431.,3
398, 1
380, 4
370.1

297 .9
709 .6
95,7
454,33
394.5
I3b6.+6
301.6
D789

FRecraits Cateh

Millions

110s6.0
442.0
132,0
369.0
34690

369.0

369.0
369.0 -

0G0
442.,0
- 132,0
369.0
3690
369.0
3690
369 .0

-t

L1060

442 .0
132.0
369.0
369.0
169.0
362.0
369.0

110840
442.0
132.0
369, 0
369.0
369, 0
369.0
369.0

Ui b L

SO OO L b

e * - o

33,0
43,4
59.1
58.0
58,0
98,0

- 98.0

S8.0

33,9
42,4
59 1
78,0
78.0
78,0
78.()

78,0

33,0
43,4
59,1
120,0
120.0

T120.0

120.0
1200

fish weight (kg) in catch

CTOoOOCCHF DO

0,111
0.061

0,085

0. 000
0,000
0,000
0,000
0.000

0.111
0.061
0,085
Q.117
0,129
0.136
0.13%
0.140

D,111
0,061
0.085
0,158
0.181
0.1%6
0.205

0.211

0.111
0.061
0.08%5
0,243

0.304
0.356

0.398

0,430

r

0.158,
0.081
0.118 "

0,000
0.000
0.000
0.000
0.000

0,158

0,081

- 0.118

0169
0,188
0.198
0.203
0,206

0,158
0.081

0,118
0.236
0.276
0.303
0.319

0.330

0,138

0.081
0.118
0.391
0,518
0,638

0,743

0.831

MWT

1,177
1.080
1,337
1.674

1.513

1.471
1.472
1,481

1.177
1.0890

1,337

1.674
1,463
1,380
1,351

1.339

1.177
1,080

- 1.337

1.674
L.441

“1.3544

1,303
1,281

1177
1.080
1,337
1.674
1.396
1.261
14190

Sl 146
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A. CONSTANT CATCH LEVEL B. CONSTANT EXPLOITATION LEVEL
CATCH , ‘  EXPLOITATION
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Figure 6. --Conparison of Pacific cod population trends in the eastern Bering
Sea, 1980-86 under: A different levels of catch, B. ‘different

level s of exploitation. Population projections in 1982-86 assune
M= 0.7 and recruitnent is 221 mllion fish at age 2.
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Table 6.--Forecast of Pacific cod abundance in thousand netric tons in the

eastern Bering Sea, 1982-86 under varying levels of exploitation (E)
with M= .700. Recruitment in 1982-86 is the |low average form 1976-81
survey data

Year TolLlal Fished Recruils Catoeh E F MWT
Foer. Fore Millions

1979 8239 2979 1108.0 33,0 0,111 0.158 1.177
1980 219.9 709.6 442,0 43,4 0.061 Q.081 1.080
1981 758.6 6957 132,90 b9 0,089 0.118 L,337
1982 G999 .7 4%94.3 221.0 8.9 0,200 0.310  1.4674
1983 448. 4 J43.1 221.0  6B.6 0 0.200 0,310 1.5726
1984 378.1 Q7246 221.0 9449 0+200 0.310 L.439
1989 347 .9 2424 221.0 48,5 0.200 0.310 1.353
1986 324,9 229.4 221.0 . 45,9 0,200 0,310 1.308
1979 Bri.9 297.,9 1106.0 33.0 0.111 0.158 1.177
1980 P19.9 709,46 442 .0 43,4 0,061 0.081 1.080
1981 758. 6 695,77 132.0 SS9, 0.0835 0,118 1,337
1282 299.7 494 .3 221.0 197.7 0400 0.748 1.674
1983 364.2 2598.7 221.0 103,55 0400 0.748 1.441
1984 294,1. 188.4 221,40 7855 0+400 0.748 1,238
LA 274.5 169.0 221.0 67:6  0.400 0,748 1.158
1984 269.0 162.5 221.0 4% . 4 0.400 0,748 1,132
L9779 8rE.9 297.9 1104.0 330 0.111 ¢.158 1.177
1980 19,9 - 709.6 442,0 45,4 0,061  0.,081 1.080
1981 7586 695.7 132.0 99.1 0.08%5 0.118 1,337
1982 599 ,7 494,.3 221.0 296.4 0,600 1.446 1.674
1983 287.1 1B1.6 221.0 109.0 0,600 1,444 1255
L1964 241 .0 1355 221.0 81.3 Q600 1,446  1.066
1985 234.5 129.1 221.0 77,4 Q0,600 1,446 1.032
1986 233.46 128.2 221.0 76.9 0,600 1,444 1.027
1979 g23%.9 2979 1106.0 J33.0 O0.111 0,158 1,477
1980 19,9 709.6 442.0 43.4 0,061 0,081 1.080
1281 758. 6 695.7 132.0 9.1 0.08S 0.118 1,337
L1982 5997 494,73 221.0 395.4 0.800 2.000 1.674
1983 2546 149.1 221.0 119.3 0.800  2.000 Lel47
1984 2254 119.9 221.0 95.9 0.800 2.000 1.008
1985 223.0 117.6 221.0 24,0 0.800 2,000 3.995
1986 222.8 117.4 221.0 3.9 0.800 2.000 0.993

F = fishing nortality
E = exploitation rate 'for fished popul ation (ages
MAT = Mean individual fish weight (kg) in catch
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exploitabl e population. A possible option for nmaximzing cumulative catches
woul d be to use variable exploitation rates such as shown in Table 7. Catches
could be increased to as nuch as 198,000 t in 1982 and 103,000 t in 1983 before
they would need to be reduced to lower levels in 1984 as popul ati on abundance
declined. The sinulation mdel indicates that this approach would not reduce
the exploitable population by 1986 any |ower than constant annual catches of
58,000 t in 1982-86. However, cunulative catches in 1982-86 could reach
422,000 t with the variable exploitation rates shown in Table 7 conpared to
290,000 t with constant catches of 58,000 t. The variable exploitation rates

woul d allow the fishery to take cod that would otherwi se be lost to natural

mortality.

Di scussion

It should be emphasized that the projections of abundance of cod are highly
dependent on a number of assunptions. Abundance estimates derived from surveys
assune a catchability coefficient of 1.0 for cod and other species. If the
catchability coefficient were less than 1.0, which seens |ikely, then the pop-
ul ation abundances were underestimated. Because the simulation nodel uses survey
data as a starting point, the resulting projections of population abundance
may also be underestimated. For exanple, if the catchability coefficient of
survey vessels for cod were only 0.5, then the popul ation bionmass would be
twice that shown by survey estimates and the sinulation nodel. The estinates
of natural nortality and recruitment woul d al so significantly influence the
accuracy of the projections. Qher less critical assunptions were those that
natural nortality was constant over all ages, catches from given age groups
were proportional to the abundance of those age groups in the exploitable
popul ation, and that exploitation was limted to ages 3 and above. The three

maj or assunptions having the greatest influence on the projections are believed
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Table 7.--Forecast of Pacific cod abundance in thousand metric tons in the
Bering Sea, 1982-86, under varying levels of exploitation (E) with M
= ,700. Recruitment in 1982-86 is the |ow average from 1976-81

survey data

Total Fished = Recruits

Year population population (millions) Catch ‘ E . F “MWT
1979 ‘ 823.9 297.9 - 1106.0 . 33.0 0,111 0.158 1.177
1980 919.9 709.6 - 442.0 "43.4 0.061 0.081 1.080
1981 758.6 ‘ 695.7 132.0 59.1 0.085 0.118 1.337
1982 599.7 494.3 221.0 197.7 . 0.400 0.748 1.674
1983 364.2 258.7 221.0. 103.5 0.400 0.748 1l.441
1984 '294.1 188.6 221.0 - 3747 0.200 0.310 1.238
1985 309.6 204.1 221.0 40.8 - 0,200 0.310 ° 1.232

1986 '317.9 212.4 221.0 42.5 0.200 - 0.310 "1.245

E = exploitation rate for fished population (ages 3-11)
F = fishing nortality
MAT = mean individual fish weight (kg) in catch
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to produce conservative results. The natural nortality (0.7) and catchability
coefficient (1.0) values used are probably higher than the actual val ues and
therefore underestimate the true population in future years. The estimte of
recruitnent excludes the strong 1977 year-class and may al so produce conserva-
tive abundance estinmates in 1982-86. Catch levels projected therefore probably
represent lower exploitation rates than those indicated by results of the sinu-
| ation nodel

Cushing (1975) observed that cod-like fish are highly fecund and, because
of their high egg production, have a capacity to stabilize abundance under
conditions of fluctuating recruitment and high levels of fishing. He further
stated that variations in recruitment are governed nore by environnental con-
ditions than parental stock size. Nevert hel ess, caution seens desirable in
reducing the parental stock. How far the parental stock can be reduced without
harming its reproductive capability is unknown, but the adults producing the
strong 1977 year-class might be used as a guide. The size of the parental
stock producing the 1977 year-class is also unknown. The area surveyed in
1977 by the NWAFC research vessel was linmted to the southeast Bering Sea
(Figure 3) and, therefore, did not provide an estimte of abundance for the
overal| eastern Bering Sea population. Sone approxinmation of the tota
popul ation size in 1977 may be provided by expanding the biomass estimte from
the southeast Bering Sea. This nmay produce a reasonable estinate because
there is a good relationship between rel ative abundance estinates fromthe
sout heast Bering Sea and those from | arge-scal e NWAFC surveys that sanpl ed
maj or portions of the eastern Bering Sea (Figure 2). Using 1979 survey data
the biomass of cod in the southeast Bering Sea represented 36.6% of 'the bionass
in the total area surveyed in 1979. Applying this ratio to the 1977 survey

bi onass estinate of 92,900 t produces an estinmate for the nmmjor portion of the
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eastern Bering Sea of about 254,000 t. This approximation is less than the
318,000 t that was projected for 1986 from the simulation using variable ex-
ploitation rates (Table 7). Catch levels approximting those in Table 7 would
therefore, not appear to be detrinmental to the stock.

The sinulation indicates that the contribution of the strong 1977 year-
class would dininish substantially when it reaches age 7 in 1984. Catches
woul d then have to be reduced to nore historical levels. Catches in 1984-86
coul d probably exceed the 38,000 to 42,000 t range shown by the simulation
model (Table 7). From 1970 to 1976, the foreign fishery harvested an average
53,400 t annually in the eastern Bering Sea without harming the stocks'
capability to produce the 1977 year-class. Also to be considered is the safe-
guard provided by the Aleutian |Islands population (estimated at 299,000t in

1980) which would sustain sone portion of the catches in 1982-86
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